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(57) Abstract 

TTie present invention relates to a method and an arrangement and an apparatus for car body fhuning from a plurality of separate body 
components (12-16). The body framing arrangement comprises a bottom plate support means (10) for receiving a bottom plate (1) of the 
car body to be attached thereto, a robot (21, 26, 27) for bringing at least a part of the separate body components faito an engagement with 
the bottom plate, and means for preasscmbllng said body components to the bottom plate and/or to each other so that the external shape of 
the car body is achieved. In addition, the airangement comprises a support means fonned by a plurality of separate fkamlng elements for 
supporting the preasscmbled car body, and a rc*ot or robots (23. 24. 25, 26) arranged to bring at least a part of said framhig elements into 
engagement with said bottom plate support means and/or another framing element. Tbe framing elements are arranged to foim a support 
means net (1 1) such that each of the framing elements fonnhig said siqiport means net is clamped either to at least two other framing 
elements and to said bottom plate support means or to at least three other frammg elements by means of locking unit means. 
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METHOD, ARRANGEMENT AND APPARATUS FOR CAR BODY ASSEMBLY 
Field of the invention 

The present invention relates to a method for assembling a car body, and more precisely to 
a method for framing of car body components in accordance with the preamble of claim 1 . 
The invention relates further to an arrangement and an apparatus for use in car body as- 
sembly, and more precisely in car body framing in accordance with the preamble of claim 
9 and also to an apparatus for car body frammg in accordance with the preamble of claim 
19. 

Background of the invention 

In the manufacture of cars, especially when manufacturing the bodies of die cars the con- 
ventional systems comprise a body assembly line, on which the bodies are assembled and 
forwarded as the assembly work proceeds. A framing station is positioned on said assemb- 
ly line, said framing station forming one of the key elements of the assembly line. Said 
framing station is used for accurately positioning body components, such as a bottom pla- 
te, side panels, rear and front cross members of the body, engine compartment, roof etc., 
relative to each other. The body components may have been loosely preassembled in the 
previous stages in the assembly line. Said framing station is used also for welding of the 
accurately positioned body components together to form a solid car body. 

A conventional framing station system usually comprises a heavy and fixedly mounted 
frame (or gage) structure enclosing the framing station and suitable rigid holding means 
for holding the loosely preassembled body components together during the welding opera- 
tions. 

Figure 1 is a schematic presentation of one prior art framing arrangement in which heavy 
jigs are utilized. It is noted that the heavy frame strucnire has been omitted from figure 1 
to clarify the general presentation. The prior art jigs such as disclosed by figure 1 do usual- 
ly have a weight which exceeds 1000 Kg per a jig. This leads to a heavy and costly appa- 
rams for the handling thereof during the car body assembly operations. 

US patent 4,667,866 (Tobita et al.) discloses a framing station mounted fixedly on an 
assembly line. This prior art framing station has a corresponding heavy frame structure as 
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was described above and utilizes several jigs which are moved into and within and out 
from the framing station or main assembly station. More precisely, the jigs are moved by 
an independent conveyor each to the main framing station and subsequently by a special, 
fixedly mounted positionii^ devices of a "body assembler" within the framing station. The 
system comprised a heavy frame construction, and a plurality of different kinds of con- 
veyors and fixedly mounted handling apparams for the substantially large and heavy jigs. 
Therefore the flexibility of the system is not considered to be adequate to fulfil the requi- 
rements set for a flexible manufacture of car bodies. 

According to one another approach, disclosed eg. by US patents 5.011,068 (Stoutenburg 
et al.) and 5,427,300 (Quaglme), essentially rigid and heavy pivotable arms or clamps arc 
mounted on the top portion of the frame, usually such that they can be pivoted upwards 
and downwards about an essentially horizontal axis. When said arms are pivoted down to 
engage the loosely assembled body, they will rigidly clamp the body components (or 
members) together for the subsequent welding operations. 

The above described known systems have various disadvantages. In most cases the jigs or 
the clamping arms are adapted to fit one body model only, and thus they have to be chan- 
ged if other models are produced on the same manufacturing line. The remarkable weight 
of the jigs makes the moving and/or change of them complex and difficult and expensive 
to arrange. This all means limited possibilities for producing different car models in a 
same framing station. Eg. in so called revolver stations using clamping arms the number 
of different models is usually restricted to four. This in turn is against the modem ideas of 
so called flexible manufacturing, according to which the manufacturing systems should 
allow as high flexibility in view of various car models as possible. In addition, even 
though some prior art framing stations allow framing of several models in one framing 
station, the number of different models is generally still restricted to those models which 
can be formed on the same bottom plate of one single car body type. 

In addition, the conventional framing stations as discussed above are expensive and the 
built-up time thereof (ie. the built-up of the complex and heavy frame construction and the 
different special conveyors) is remarkable long. As the expected life time of one single car 
model has shortened, and the amount of different car models has increased, the total 
number of individual body models to be produced has dropped dramatically. Therefore the 
built-up time and the costs of the conventional framing stations adapted only for one or for 
few car models only are far too high. 
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Furthermore, due to the heavy and space requiring jigs or clamping arms substantially 
covering the entire car body, the accessibility of the body itself, for example for the wel- 
ding operations, is poor. 

The rigid and for a certain car model or models customized prior art framing stations are 
built from special and unique components. In case of a machine breakdown, the repair 
usually needs special skills and/or unique replacement parts. This is a serous disadvantage, 
smce even a minor failure in the framing station may lead into a simaiion, in which one of 
the key components of the car manufacturing might be out of operation for an essentially 
long time period. This can have serious effects for the entire manufacture of this certain 
car model, or several models. Even the car manufacturer as whole may suffer badly from 
this, as this one single failure may have disadvantageous effects eg. to the logistics mana- 
gement and reputation of the company. 

There has been various prior art attempts to overcome the above and other disadvantages 
of the conventional systems. From these WO publication 95/32886 discloses an arran- 
gement which utilizes five or six holding frames, wherem flae body will become cubically 
surrounded and supported from all sides thereof by means of said holding frames. At least 
some of the body components are attached to the holding frames prior to the assembly, 
and they are brought to the framing station and engaged with the body by means of one of 
said holding frames, which in turn is moved by a manipulator. The holding frames are 
rigidly attached to each other by positioning devices in the comers thereof such that they 
are positioned in an exact 90** angle relative to each other. As mentioned, this holding 
frame assembly surrounds the car body cubically from four sides and from the top. 

However, it is considered that such arrangement would form a too heavy construction to 
be handled by conventional manipulators and especially by industrial robots, which in 
most cases are only capable of handling of loads less than 300 kg, and usually less than 
200 kg. If the costs of the required apparams are taken under consideration, the increased 
requirements for the load capacity requirements will rapidly increase costs of the required 
manipulators or industrial robots too high to be realistic. Thus, when several of them are 
required per one framing station, this will cause such an increase in costs that the arrange- 
ment according to WO 95/32886 is no longer considered as economically profitable, if 
possible at all. 

In addition to the heavy structure, the holding frame of WO 95/32886 surrounds the car 
body in a manner which hinders the accessibility to the body and thus makes the welding 
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Operations more difficult to perform. The general construction of this supponing frame is 
also such that the beams of the holding frames are spaced well apart from the body, and 
thus different longitudinal supponing elements has to be used between the beams and the 
body. This increases further the weight, size and the complicity of this known structure. 
As the size and weight of one single holding frame component is essentially big due to the 
general shape and heavy consmiction thereof, the number of different holding frame 
components needed for several body models require a remarkable area for storage. Further- 
more, the body components has to be preassembled into the holding frame components in 
a separate station, which means one additional step for the framing process. The disclosed 
locking arrangement requires also exact 90"* joints between the frame components and a 
complex positioning device in each of the comers thereof. 

Thus there is still a need for an improved framing method and arrangement and apparatus 
which could allow a flexible manufacture of car bodies without the above mentioned 
drawbacks of the prior art systems. 

Summary of the invention 

Accordmgly, it is an object of the present invention to overcome the disadvantages of the 
prior art arrangements and to provide an improved solution for enabling a flexible car 
body framing. 

It is an object of the present invention to provide a method and arrangement by means of 
which it is possible to move the required supporting means by a standard industrial robot. 

It is an object of the present mvention to provide a method, an arrangement and an appara- 
tus which enables a use of a net-like supportmg structure which is assembled from several 
separate supporting elements, said net-like strucmre allowing a good accessibility to the 
body. 

It is an object of the present invention to provide a method, an arrangement and an appara- 
nis which minimizes the set-up times of a framing station between different car body 
models. 

It is an object of the present invention to provide a method and an arrangement by means 
of which it is possible to avoid essentially long reparation times in case of a machine fai- 
lure in the arrangement according to the present invention. 
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It is an object of the present invention to provide a method, an arrangement and an appara- 
tus which provides an improved solution for locking several support elements to each 
other and to form a clamping net structure for supporting the car body. 

It is an object of the present invention to provide a method and an arrangement which 
saves the floor space and by means of which is possible to shorten the entire length of a 
car body assembly line. 

Other objects and advantages of the present invention will be brought out in the following 
part of the specification taken in conjimction with the accompanying drawings. 

The invention is mainly based on the idea that by providing a new type light-weighted 
supporting means network consisting of a number of separate custom shaped and dimen- 
sioned support elements rigidly locked to each other in an inventive manner around a 
preassembled car body, wherein robots or similar means are utilized both in body compo- 
nent and support elements handling* an improved flexible and automatic solution for car 
body framing is provided. 

More precisely, the present invention is characterized by what is disclosed in appended 
claims. The inventive method is defined precisely by claim 1, and the inventive arrange- 
ment by claim 9 and the apparatus 21. 

According to a preferred embodiment of the present invention a method for framing a car 
body from a plurality of separate body components comprises steps for attaching a bottom 
plate of the car body to a bottom plate support means, bringing at least a part of the separa- 
te body components into engagement with the bottom plate by means of a robot or similar 
apparatus, preassembling said body components relative to the bottom plate and/or relative 
to each otiier so that a preassembled car body having the external shape of the car body 
becomes achieved, and forming a support means from a plurality of separate support 
elements for supporting said preassembled car body such that at least a part of said support 
elements is brought into engagement with said bottom plate suppon means and/or another 
suppon elements by means of a robot or similar apparatus. The the support elements are 
clamped to each other in order to form a support means net, wherein the forming of the 
support means net is accomplished such that each of the support elements is clamped eit- 
her to at least two other support elements and to said bottom plate support means or to at 
least three other support elements by means of locking unit means provided in said support 
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elements. 

In addition, the invention provides a framing station arrangement for car body framing 
from a plurality of separate body components, comprising a bottom plate support means 
for receiving and supporting a bottom plate of a car body, attachment means for clamping 
the bottom plate on the bottom plate suppon means, a robot or similar apparams for brin- 
ging at least one of the separate body components into engagement with the bottom plate, 
means for preassembling said body components relative to the bottom plate and/or relative 
to each other so that the external shape of the car body is achieved, a support means for- 
med by a plurality of separate support elements for supporting the preassembled car body, 
and a robot or similar apparatus arranged to bring at least one of the support elements of 
said plurality of support elements into engagement with said bottom plate support means 
and/or at least one another support element. In accordance with the invention the support 
means are arranged to form a support means net such that each of the support elements 
forming said support means net is clamped either to at least two other support elements 
and to said bottom plate support means or to at least three other support elements by 
means of locking unit means provided in the support elements. 

A support apparattxs for car body framing from a plurality of separate body components is 
comprising in combination the following elements: a bottom plate support means for recei- 
ving and supporting a bottom plate of a car body, attachment means for clamping the 
bottom plate on the bottom plate support means, attaching means for preassembly said 
separate body components relative to the bottom plate and/or relative to each other so that 
the external shape of the car body is achieved, support means formed by a plurality of 
separate support elements arranged to be movable by a robot or similar apparams and 
clamped to each other to form a support means net for supporting the preassembled car 
body such that each of the support elements forming said support means net is clamped 
either to at least two other support elements and to said bottom plate support means or to 
at least three other support elements by means of locking unit means provided in the sup- 
port elements, and gripping means for removably holding at least a part of the body 
components by the support means net. 

Said support means net is preferably arranged such that the construction and shape thereof 
follows essentially the shape and construction of the car body while allowing an essentially 
good accessibility to the car body for the subsequent assembly operations. 

It is noted that the in this context used definitions "preassembling", "preassembly" or the 
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equivalences thereof are intented to cover all such preparative operations, by means of 
which the car body will become lightly pre-assembled, ie. the adjacent body members will 
become held relative to each other by more or less temporary binding means, such as clinc- 
hing, welding, gluing, riveting or any other appropriate means. 

Several advantages are obtained by means of the present invention, as the solution provi- 
des a reliable, automatic and flexible manner for car body framing. 

In principle, the flexible solution according to the invention allows to produce car bodies 
in an arbitrary order such that the series size may be set to be as low as 1 . There are no 
restrictions in view of the bottom plate either, and thus even different bottom plates may 
be used in subsequent operation cycles. In addition, as the arrangement utilizes standard 
components, such as standard industrial robots of substantially low costs, the maintenance 
and repair thereof as well as all changes for instance in the number and layout of the ro- 
bots are easy and fast to perform. Thus invention provides a high level of automation by 
reasonable costs. 

The size and weight of single framing elements forming the framing structure is reduced 
so much that even the ordinary industrial robots are capable of handling them. The assemb- 
ly of a framing net structure from the separate framing elements is easy and fast to per- 
form. Despite this the inventive framing structure will provide a rigid support for the body 
components or members while allowing a good accessibility, for instance for the welding 
robots. As the size of the framing elements is reduced, and the strucmre thereof is simpli- 
fied, the storage space requirements thereof are also reduced. In addition, single framing 
elements are essentially cheap to manufacture and easy to handle and store, which enables 
a wide variety of custom fitted framing elements for a wide range of different car model 
in a manner which is economically more reasonable than in the known arrangements. 

In the following the present invention and the other objects and advantages thereof will be 
described in an exemplifying manner with reference to annexed drawing, in which similar 
reference characters throughout various figures refer to similar features. 

Brief description of the drawings 

Figure 1 is a schematic presentation of one prior art framing station; 

Figure 2 is a schematic perspective view of a preferred embodiment of the net-like sup- 
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porting structure according to the present invention; 

Figures 3a, 3b, 3c, 3d, 3e and 3f are schematic perspective views of the operational prin- 
ciples according to one embodiment of the present invention, showing the mains steps of 
one operation cycle in accordance with the present invention; 

Figures 4a. 4b, 4c. 4d, 4e and 4f are schematic perspective views of the operational prin- 
ciples according to another embodiment of the present invention; 

Figure 5 discloses a schematic and partially sectioned view of suitable means for locking 
the support net elements to each other; 

Figure 6 discloses a schematical general view of one framing station arrangement; and 
Figure 7 discloses one alternative support element construction. 
Detailed description of the drawings 

Firstly it is noted, that by terms "supporting means net" or "clamping net" or "framing 
net" it is interned to mean the framing stnicmre, such as designated by 11 in figure 2, in 
its assembled form, and by terms "support element" or "framing element" it is intented to 
mean those parts or components, such as parts 12, 13, 14, 15 and 16 in figure 2, which 
form the framing or clamping net when clamped together. 

A schematic perspective view of figure 2 discloses one preferred support means net 11 
disposed around loosely fit body components of a car body. A bottom plate 1 of the body 
is disposed and attached on a bottom plate support means or a bed means 10 by suitable 
attachment means 9, such as clamps, brackets, clips etc. The other body components, such 
as side panels 2 and 3 and possible separate front end cross members 4, have been loosely 
preasserabled, such as clinched or glued, into engagement with said bottom plate 1 to 
form the basic external shape of a car body. This preassembly operation will be discussed 
in more detail in connection with Figure 3b. 

The support means net 11 of figure 2 comprises 5 separate suppon elements. Each of the 
support elements is designed to form a light but a rigid subelement of the support net 11. 
In the example of figure 1 the individual subelements, such as the right hand side front 
suppon element 14, are formed by welding closed square beam portions in appropriate 
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positions relative to each other. This subelement structure provides a good solidity and 
stability, while providing a light weighted design which is easy and economical to accomp- 
lish for many different car body models and external shapes. Alternative designs for an 
individual support elements will be discussed further in connection with figure 7. 

From the several separate support elements the elements 14 and 15 are positioned in both, 
i.e. right and left sides of the front end of the car body such that the other element 15 is 
positioned on one side and is extending thereof towards the center line of the body and the 
roof of the body, and the other element 14 is correspondingly positioned in the opposite 
side of said center line. Correspondingly, two other support elements 12 and 13 are positio- 
ned at the rear end of the body. A fifth support element or roof support element 16 con- 
nects the rear and front end elements such that a rigid support means net 11, ie. a clam- 
ping net, is provided for supporting, ie. framing, the car body during the welding opera- 
tions. The support elements 12, 13, 14 and IS are clamped to the bed means 10 and to 
two other support elements (eg. element 12 to bed means 10 and to elements 13 and 16, 
element 14 to bed means 10 and to elements IS and 16 etc.). The roof support element 16 
is clamped to each of the other four support elements 12 - IS from the engagement points 
therebetween. Thus a net structure or a lattice structure is provided which forms a rigidly 
from separate elements clamped structure. As can be readily noted from figure 2, the 
joints between the different panial elements of the net 1 1 are such that good rigidness and 
stability is obtained. 

Gripping means or so called "finger units'* 18 of the support elements are also shown. 
These are adapted to grip to the body components and they are used for positioning and 
holding the body components during the framing operations. The required number and 
suitable positioning of the gripping means 18 can be freely designed for each different car 
body model. The gripping means 18 can be eg. pneumatic or hydraulic actuators compri- 
sing suitable gripping fingers. 

According to one alternative (not shown), the support elements are provided with bearing 
surfaces adapted to engage the car body in suitable positions such that the body compo- 
nents will become positioned and rigidly held by these for the subsequent operations. The 
support elements may also be shaped such as to closely follow the general shape of the car 
body, and thus to provide an even and distributed support through the entire bearing sur- 
face thereof. Various combinations of the above alternatives are also possible for the posi- 
tioning and holding of the body components. 
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As can be seen from figure 2, the sides of the car body will remain fully open. This is 
enabled by the invention, since the light- weighted framing elements 12 to 16 are designed 
such that they will essentially follow the contour of the car body on the top faces thereof 
while the position of the engagement (locking) points of the framing elements are not bind 
to any particular positions, such as to the comers of the framing arrangement 11. This 
enables the designer of a clamping net 11 for a certain car model to optimize the various 
parameters, such as the shape, dimensions, clamping points etc. of each single framing 
element as well as the number of required elements forming the supporting means net 11 
in a manner which enables as light-weighted, compact, simple and economical construc- 
tion as possible. 

It is even possible to use asymmetric framing elements, if it is seemed necessary. The 
designer of the clamping net 11 is free to use any forms and any symmetrical or asymmet- 
rical constructions and forms, which might be necessary due to eg. the shape of the car 
body, the general construction thereof or the required assembly and/or welding operations. 
For instance, a step of the assembly called "roof injection" may require an asymmetrical, 
from the other side more open net or a net structure which is partially removable or might 
be "opened" (see eg. figure 4e). 

The inventive locking (clamping) arrangement, which will be described in more detail 
with reference to figure 5, enables a secure, rigid and accurate fastening of various ele- 
ments to each other and to the bed means or carriage 10 in a manner, which further assists 
in the aim to obtain as light and open framing construction as possible, which still gives a 
solid and rigid support to the subsequent frammg operations, such as for the welding. 

The operation of one preferred embodiment will now be discussed in more detail with 
reference to figures 3a - 3f , which are views of a performed computer aided simulation for 
the operation of the described arrangement. It is to be noted that, for the shake of simpli- 
city, all views do not necessarily show all utilized components or devices, but they may 
show only those devices which are essential for that particular step. 

Figure 3a shows a stage in which the operation cycle has just initiated the preassembling 
step. It can be seen that the body bottom plate 1 has been assembled on the bed means 10 
and that an industrial robot 21 is assembling the right side panel 2 relative to the bonom 
plate 1. Robots 24 and 25 have already gripped to the framing elements 12 and 13, respec- 
tively, and are holding them such that the elements are ready for the assembly in the next 
stage. Robots 23 and 26 are holding the front end framing elements 14 and IS, 
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respectively. 

The ways to attach a bottom plate 1 to the bed means 10 are per se known by the skilled 
person, and will thus not be explained in more detail. The attachment may be done in a 
separate station or in the framing station. 

In one alternative arrangement the bed means 10 is formed by a carriage, onto which the 
bottom plate 1 is preassembled in an earlier stage, whereafter the carriage is brought into 
the framing station carrying said bottom plate 1. The carriage 10 may be of any suitable 
type, such as eg. an automatic guided vehicle, a shuttle conveyor, a carriage on an as- 
sembly line or a similar per se known apparams. The carriage 10 may also include neces- 
sary information concerning the body model, eg. by means of a code carrier, bar code etc. 
suitable arrangement. According to one alternative, the bottom plate 1 might be brought 
onto a fixed bed means 10 by robots, and is then clamped to the bed means by the clam- 
ping means at the beginning of the cycle. 

In figure 3b the preassembly proceeds further, and even the left side panel, and the rear 
and front end cross members 4 and 5 or similar means as well as the roof cross members 7 
have been assembled into their positions, for instance by robots 21 and 27 especially adap- 
ted for this purpose. It is possible to use various suitable techniques for the "loose" or 
light attachment of the components at the preassembling stage to prevent the body compo- 
nents to disengage from each other and from the bottom plate 1 attached on the bed means 
10. Various "toy joints", bendable clips, clamps or rivets, and gluing and tag welding, 
which all are well known by the skilled person, are given herein as an example of such 
suitable preassembly means. Said preassembly and handling of the body components are 
operated by the robots provided with suitable gripping and preassembly tools. The result 
of the preassembly operation will be a lightly or loosely assembled car body. In this 
example, however, the roof plate 6 will not be disposed at this stage, but will be brought 
into its final position later. 

Figure 3b shows also the rear end framing elements 12 and 13 which are about to be dis- 
posed in their final position by the robots 24 and 25, respectively. The front end framing 
elements 14 and 15 as well as the top element 16 are shown in their way towards their 
final positions in the clamping net by means of the robots 23, 26 and 27, respectively. 

In figure 3c the framing net 11 is closed after the robot 27 has placed the top element 16 
into its position into engagement with the elements 12, 13, 14 and 15 such that the front 
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end elements 14, 15 and the rear end elements 12, 13 are clamped together by the top 
element 16. The clamping net 11 is now ready, and the body is framed, ie. supported, in a 
manner which is sufficiently rigid for the subsequent assembly operations as is shown in 
figures 3d and 3e. 

Figure 3d shows a first welding stage wherein the robots are welding the body in a per se 
known manner. At this stage the side panels 2 and 3. the cross members and the bottom 
plate 1 are tag-welded to each other in an appropriate manner. In figure 3e the robots are 
continuing tag welding the predefined points of the body. In addition, the assembly robots 
are inputting the roof plate 6 into its final position relative to the car body, whereafter it 
will become welded in an appropriate manner to the rest of the body. 

As disclosed by figure 3e, the body components are now tag-welded sufficiently rigidly to 
each other, and thus it is possible to open the clamping net, i.e. remove the framing ele- 
ment 16 temporarily such that the roof plate 6 is easy to assemble eg. by one of the ro- 
bots. The roof ii^utting stage may mclude substages for iiipitting an additional cross 
member firstly to the roof portion of the car body and only thereafter inputting the actual 
roof plate 6. 

According to one alternative the welding robots are different than those robots performing 
the framing and body component preassembly functions, as the general requirements for a 
welding robot and for an assembly robot are different, and they require different tools and 
programming. Another advantage obtained by using separate robots is that the overall 
cycle time can be minimized by this. 

However, in some occasions it is, of course, also possible to utilize a suitable tool change 
arrangement and to use the same robots, or at least a part of the assembly robots, for aU of 
the necessary operations. By this manner the number of robots needed can be reduced, and 
the total number might be 5 or so. This leads into a relatively cost effective arrangement 
which can be advantageously used especially when manufacturing relatively low volumes 
of car bodies, where slightly longer operation cycle times might be acceptable. 

Figure 3f shows the end of the cycle. A completely welded car body is leaving the fra- 
ming station on the bed means 10, and next bottom plate 1 is about to enter the framing 
station on a next bed means or carriage 10. The side panels 2 and 3 are already held by 
the appropriate robots and are thus ready for the preassembly. In case the car model has 
not changed between these subsequent bodies, all the settings of the robots and tools and 
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the framing elements 12 to 16 will remain the same. However, if the next body is diffe- 
rent, the settings, such as the programs, gripping tools, framing elements etc., will be 
automatically selected and changed accordingly prior to the start of the framing operations 
of the subsequent car body. One suitable arrangement for the framing station with suitable 
storage and/or supplying facilities for different framing elements and body components is 
shown in figure 6. 

Figures 4a - f are views of another simulation performed to another embodiment according 
to the present invention. The main difference in operation to the arrangement according to 
figures 3a - f can be immediately seen from the general view of figure 4a: this arrange- 
ment comprises separate welding and preassembiing stations. In addition, this exemplary 
arrangement is such that it includes two separate preassembiing stations 100 and 102, 
which both feed the single welding station 101. Furthermore, a roof injector 40 is disclo- 
sed as a part of the welding station 101. 

The steps of the light preassembly of the body components (figure 4b) and the closmg of 
the clamping net (figure 4c), will essentially correspond to the steps of the arrangement of 
figs. 3a - f. Subsequent to the step accomplished in assembly station 100 and disclosed by 
figure 4c, the carriage 10 will be transferred to the separate welding station 101, and the 
first welding stage (figure 4d) and the input of the roof plate and tag welding operations 
(figure 4e) will be perfomed therein. The roof plate 6 is inputted by a so called roof injec- 
tor device 40, which penetrates the roof plate 6 horizontally into its fmal position. Figure 
4f shows the end of the welding cycle, from which the welded body will be returned on 
the carriage 10 to the preassembiing station 100 or 102 for the disassembling and removal 
of the framing net 11. 

The advantage of the above system is that the system operation time can be enhanced even 
more, as the welding station 101 and the robots thereof are working, ie. welding, effective- 
ly through out the entire shift. In other words, the average waiting time of the special 
welding robots will be minimized. As the operations for the preassembly, the mounting of 
clamping net 11 and the removal of the clamping net 11 in general require slightly more 
time, and as the clamping net 11 has to be furstly assembled prior to the welding opera- 
tions and to be removed thereafter, this kind of arrangement is, in some circumstances, 
found in simulations to provide more effective operation of the entire system such that the 
down times of the main apparatus and components is minimized. 

Figure S discloses a schematical presentation of a preferred locking arrangement 30 for the 
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clamping net between the framing elements, such as 14 and 15, of the present invention. 
The disclosed locking unit 30 consists of a per se known locking system which is conven- 
tionally used in connection with machine tools, and more precisely, used as automatic 
machine tool holders. 

As an example of suitable automatic tool holder systems the following are referred to: 
Widaflex UTSTM by KRUPP WIDIA GMBH and Coromant Capto™ by SANDVIK 
AB. These both are automatic clamping units, from which the first can be actuated by a 
mechanical rotational movement or by a hydraulic pressure, by means of which the tool 
supported by a tapered arm (male part) is tightly and precisely, but removably locked into 
the coaespondingly tapered holder (female part). In the lauer the locking force is caused 
by powerful spring means which in turn are actuated by hydraulic fluid. A corresponding 
automatic and hydraulic tool locking system is disclosed by US patent 4,864,714 (Von 
Haas et al.), which is also incorporated herein as reference. The locking and releasing 
time for these locking systems is less than one second. (For further technical details of 
these locking systems, see eg. brochures by die above manufacturers). 

As an example of the forces these systems are in general able to stand and the accuracy 
and operation time they are able to provide, DIN standard 69 893, Teil 1 is referred to. 
said standard describing the general characteristics of so called HSK hollow tapered 
shanks for machine tools. 

The exemplary arrangement of figure 5 includes a locking imit which utilizes a hydraulical- 
ly operated automatic locking system. An abutnient joint 30 of framing elements is disclo- 
sed, wherein a male part or cone 32 of the locking arrangement 30 is disposed at the beam 
end of element 14. and a female counterpart 34 including clamping means 35 is disposed 
inside the beam end of the element 15 such that when the male part 32 is penetrated inside 
the female part 34 and the clamping operation has been performed, the locking unit 30 
will provide a rigid, secure and accurate joint between the respective elements 14 and 15. 
In the example the clamping means 35 comprise a plate ring set, which is arranged to lock 
the male cone 32. A hydraulic (or pneumatic) cylinder 36 is arranged to actuate the plate 
spring set 35 such that the plate spring set is, and thus also the male cone 32, is released 
by said cylinder 36. 

It is to be understood that the similar arrangement can be provided to the other joints of 
the net strucmre as well, even though the shape of the joints does vary from the abutment 
joint to T- or L-joint, or may be arranged in an different angles, such as having 25"*, 30*" 
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or 45** angle between the two mating elements. In other words, the joints can be of any 
shape (see eg. joints between the roof element and the element 14 or between the bed 
means 10 and the element 14 in figure 2). 

When using the mechanical arrangement, the rotational clamping movement can be per- 
formed by one of the robots, or eg. by a small and simple servomotor disposed in connec- 
tion with the locking unit in the framing element. When using hydraulically operated 
clamping units, such as in figure 5, the pressurized hydraulic fluid must be conducted into 
the locking unit 30 by an appropriate manner. 

One solution is to use suitable hydraulic lead*through or coupling means in the robot arms 
which are per se well known by the skilled person. These will connect the internal hydrau- 
lic system of the framing element to the central source of pressurized hydraulic fluid. A 
lead-through is preferably provided in the end of the robot arm adjacent to or inside the 
gripping means used for holding of the support element. A hydraulic line or hose provided 
in connection with the robot arm will connect the lead-through to said source of the hyd- 
raulic fluid in a controlled manner. In case pneumatically operated means are used to 
provide the gripping of the support elements to the body components, it is possible to lead 
the pressurized air through the same lead-though unit to the support elements. In addition, 
all other connections, such as conduits for electrical control signals etc. medias, are pre- 
ferably combined to one single lead-through unit. 

The framing elements may alternatively include fluid conduits which are connected to a 
central source of pressurized hydraulic fluid. The hydraulic fluid can be supplied to the 
various locking units in different framing elements eg. through a hydraulic circuit arran- 
ged in connection with the bed means, wherein the fluid is conducted to the locking means 
through suitable hydraulic lines and connectors. 

The operation of the locking means 30 will be controlled by the central control unit (not 
shown) controlling the overall operation of the framing arrangement. The control unit may 
comprise a computer or a microcomputer. The control system may also include several 
valves, sensors, switches etc. control devices per se known by the skilled person, and thus 
not explained in more detail herein. 

The strength of the supporting means net constructed with the locking devices described 
above was analyzed by so called FEM-analysis (FEM — Finite Element Method). The 
surprising result was that even though the general construction of the supporting means net 
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11 is essentially lighter and more open than in the prior art systems, it was found to fiilfUl 
the requirements for the mechanical strength set forth for framing devices. Therefore the 
describe apparatus and method was surprisingly found to provide a significant improve- 
ment, as it enables the use of essentially lighter and smaller framing elements, which has 
an positive effect to the size and costs of the requked handling apparatus, and as a matter 
fact, enables the use of the essentially cheap standard robots for these purposes. 

Figure 6 discloses a schematic general top view of one framing cell according to the pre- 
sent invention and mcluding several robots, as discussed above. A part of the robots are 
for the welding operations, a part for the preassembly of the body members and for the 
assembly and removal of the clamping net, and a part for multipurpose use. Storages or 
magazmes and/or supplying means for the different framing elements and/or body compo- 
nents are disposed around the station such that the elements and components stored therein 
can be reached by the respective robots as will be explained in the following. 

The different front end framing elements 14 and 15 as well as rear end elements 12 and 13 
are stored in magazines 44, 45 and 42, 43, respectively. The skilled person knows various 
suitable alternatives for such magazines, which alternatives include arrangements such as 
simple shelves, differem paternoster arrangements, conveyor arrangements etc. storage 
means. Thus they are not described in more detail herein. A feanire for a suitable magazi- 
ne is that the framing elements can be picked up and placed back to the magazine by the 
respective robot. 

Correspondingly, car body component magazines 50, 51 and 52 are also disclosed. The 
operational principles thereof may substantially correspond to those of the framing element 
magazines. However, as the framing elements 12 to 16 are repeatedly retrieved and letur- 
ned to the magazine, the car body components will only be picked up once ftom the 
magazine and subsequently assembled to the car body. This may lead to some differences 
between the types of these two magazines. For example, the body component magazines 
may only be buffer storages for body components conveyed to the respective buffer stora- 
ge by suitable conveyor means (not shown). Suitable arrangements for this purpose are per 
se known by the skilled person, and thus not explained in more detail. 

From the disclosed magazines, the magazine 50 is for front cross members, the magazine 
51 is for the rear cross members and the magazine 52 is for further rear cross members. 

In the example, the side panels 2 and 3 are supplied for the respective robots by means of 
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conveyors 48 and 49, respectively, disposed above the cell in a per se known manner. 
Thus the side panels 2 and 3 will be supplied from above the cell. 

According to one alternative the side panels might also be conveyed into the cell by means 
of the carriage 10, or could be stored in magazines in a manner similar to the other body 
components. It is also possible to make a loose initial preassembly of the body components 
or a part thereof outside the cell on the carriage 10. This can be even performed manually. 
However, at present it is believed that the assembly line can be made substantially shorter 
if all the preassembly and welding operations are performed in one single cell, as is disclo- 
sed in figure 6. 

The roof framing element 16 of the example of figure 6 might be designed such that it 
could be used in various supporting nets for different car models, and thus figure 6 does 
not disclose any special storage for it. The element 16 might even include several points 
for the attachment (ie. several counterparts of the locking means) of eg. the rear or front 
support elements 12 to 15 such that bodies of various lengths might be framed by one 
single roof support element 16. However, each body model may have a top component of 
its own, and thus a suitable storage or supply arrangement for the roof or top element 16 
might also be required. This magazine or supplying system might also be positioned above 
the cell. 

In addition, even the other net elements 12 to 15 might be arranged such that one element 
suits for several body models. For example, similar front elements could be used for 
sedan, station wagon and sports roof models. 

Figure 7 discloses a further embodiment, according to which the support elements, such as 
the illustrated support element 14, are provided by means of a lattice structure. The exemp- 
lifying lattice structure of figure 4 is arranged by L-profiles extending in the comers of the 
beams of the element 14 and diagonal members extending between the L-profiles. By 
means of the lattice structure it is possible to achieve benefits in view of the total weight 
of an individual support element, while the construction provides a solid and rigid struc- 
ture. It is to be noted that the lattice structure can be provided only to a portion to an 
element, such as to one or two intermediate beams thereof, or that only a part of the ele- 
ments of the support net are provided with a lattice structure. 

According to one embodiment the elements from which the support net structure is formed 
are made at least partially of aluminium or similar light metal or alloy metal. According to 
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one alternative the material is carbon fibre, fiberglass, or an appropriate composite mate- 
rial, preferably reinforced composite material. The above materials can. naturally, be uti- 
lized in connection with all kinds of element constructions, such as the closed beam struc- 
ture of figure 2 or the lattice structure of figure 7. or in constructions where U beams, L 
beams, T beams or other suitable types of beams or posts are uiUized to provide a rigid 
subelement of a framing net. 

Thus, the invention provides an apparaws and a method by which a significant improve- 
ment in the area of framing car bodies in an automatic, fiexible and reliable manner. 
However, it should be noted that the foregoing examples of die embodiments of the inven- 
tion are not intended to restrict the scope of the invention to the specific forms presented 
in this connection but rather the present invention is meant to cover all modifications, 
similarities and alternatives which are included in the spirit and scope of the present inven- 
tion, as defined by the appended claims. For instance, upon reading the above description 
together with the annexed drawing it will be obvious to the skilled person to use. instead 
of bed means, such a support means which are in a vertical position or otherwise than 
horizontally positioned. In addition, it will be clear to the skilled person that the robot can 
be replaced by any suitable means capable of performing spatial or three dimensional 
movements, such as by suitable manipulator or similar automatic handling devices, and 
thus the term robot is to be understood to cover all such means in this context. 
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Claims 

1 . Method for framing a car body from a plurality of separate body components, compri- 
sing 

attaching a bottom plate of the car body to a bottom plate suppon means, 

bringing at least a part of the separate body components into engagement with the 

bottom plate by means of a robot or similar apparatus, 

preassembling said body components relative to the bottom plate and/or relative to each 

other so that a preassembled car body having the external shape of the car body becomes 

achieved, 

forming a support means from a plurality of separate support elements for supporting 
said preassembled car body such that at least a part of said support elements is brought 
into engagement with said bottom plate support means and/or another support elements by 
means of a robot or similar apparatus, 
characterized by 

clamping the support elements to each other in order to form a support means net, 
wherein the forming of the support means net is accomplished such that each of the 
support elements is clan4)ed either to at least two other support elements and to said 
bottom plate support means or to at least three other support elements by means of locking 
unit means provided in said support elements. 

2. Method according to claim 1, characterized in that said step for clamping the 
support elements comprises 

penetrating a male portion of an automatic locking unit attached to one support element 
into a female portion of said automatic locking unit attached to a mating support element, 

accurately locking said male portion into said female portion, wherein said locking is 
actuated by means of hydraulic fluid and/or mechanical and/or electrical drive means 
arranged to provide an automatic locking in response to a control signal from a control 
means. 

3. Method according to claim 1 or 2, characterized in that said support means 
net is formed such that the construction and shape thereof follows essentially the construc- 
tion and shape of the car body while allowing an essentially good accessibility to the car 
body for the subsequent framing operations. 

4. Method according to any of the preceding claims, characterized in that the 
steps for preassembling the body components and forming the supporting means net and 
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the subsequent steps for welding operations are performed in separate framing stations. 

5. Method according to any of the claims 1 to3» characterizedin that the steps 
for preassembling the body components and forming the supporting means net and the 
welding operations are performed in one single framing station. 

6. Method according to any of the preceding claims, characterized in that the 
supporting means net is formed such that the operating areas of the supporting means net 
providing accessibility to the car body remain essentially open for the welding operations 
and/or possible subsequent insertion of further body components. 

7. Method according to any of the preceding claims, characterized in that the 
boaom plate is attached to the bottom plate support means prior the bottom plate support 
means enters a framing station, and that said bottom plate suppon means is subsequently 
moved into the framing station for the body preassembly operations. 

8. Method according to any of the preceding claims, characterized in that at least 
some of the body components are supplied for the preassembly operations from above of 
the preassembly station. 

9. A framing station arrangement for car body framing from a plurality of separate body 
components (1.2,3,4,5,6), comprising 

a bottom plate support means (10) for receiving and supporting a bottom plate (1) of a 
car body, 

attachment means (9) for clamping the bottom plate (1) on the bouom plate support 
means (10), 

a robot (21,26,27) or similar apparatus for bringing at least one of the separate body 
components (2,3,4) into engagement with the bottom plate (1), 

means for preassembling said body components relative to the bottom plate and/or 
relative to each other so that the external shape of the car body is achieved, 

a support means formed by a plurality of separate suppon elements for supporting the 
preassembled car body, 

a robot (23,24,25,26) or similar apparatus arranged to bring at least one of the support 
elements of said plurality of support elements into engagement with said bottom plate 
support means (10) and/or at least one another support element, 
characterizedin that 

the support means are arranged to form a support means net (11) such that each of the 
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support elements (12,13»14,I5,16) forming said support means net (11) is clamped either 
to at least two other support elements and to said bottom plate support means (10) or to at 
least three other support elements by means of locking unit means (30) provided in the 
support elements (12,13,14,15,16). 

10. An arrangement according to claim 9, characterized in that said locking unit 
means (30) comprises a male portion (32) attached to one support element (12; 14) and a 
female portion (34) attached to a mating support element (13;15)» and means (35) for 
accurately locking said male portion into said female portion, wherein said locking is 
actuated by means of hydraulic or pneumatic or mechanical or electrical drive means 
(35,36) arranged to provide an automatic locking in response to a control signal from a 
control means. 

11. An arrangement according to claun 10, characterized in that said locking unit 
(30) comprises an automatic machine tool holder. 

12. An arrangement according to claim 10 or 11, c h a r a c t e r i z e d in that the robot 
arm is provided with lead-through means for providing a connection between the locking 
unit means of the support elements and a source of a pressurized hydraulic fluid and/or 
pressurized air. 

13. An arrangement according to any of claims 9 to 12, characterized in that 
support means net (11) is arranged such that the construction and shape thereof follows the 
shape and construction of the car body while allowing an essentially good accessibility to 
the car body for the subsequent framing operations* 

14. An arrangement according to any of claims 9 to 13, characterized in that at 
least one of the support elements is provided with gripping means for gripping (18) to the 
body components adapted to position and to hold the body components during the framing 
operations. 

15. An arrangement according to any of claims 9 to 14, characterizedin that at 
least one of the support elements is formed such as to fit the shape of the portion of the 
car body it is adapted to support, and is provided with suitable positioning and/or bearing 
surfaces adapted to bear against the surface of the car body. 

16. An arrangement according to claims 9 to 15, characterized in that the support 
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Clements (12,13,14,15,16) are made from light metal material or light alloy material, such 
as aluminium, or from a composite or reinforced composite material, such as carbon fibre 
or fiberglass. 

17. An arrangement according to claims 9 to 16, characterized in that the support 
elements (12.13,14,15,16) are at least partially constructed to form a lattice strucmrc or 
similar reinforced light weighted strucnire. 

18. An arrangement according to any of clauns 9tol7, characterizedinthat each 
of the individual support elements (12, 13, 14. 15, 16) is having a weight that is less than 
300 Kg, preferably less than 200 Kg. 

19. An arrangement according to any of claims 9 to 18, c h a r a c t e r i z e d in that the 
two support elements forming one support element pair (12,13 and 14,15) extending over 
the width of the car body are asymmetrical. 

20. An arrangement accordmg to any of claims 9tol9, characterizedin that the 
arrangement comprises at least two preassemblmg stations (100, 102) and a separate 
welding station (101). 

21. A support apparatus for car body framing from a plurality of separate body compo- 
nents (1,2,3,4,5,6), comprising in combination: 

a bottom plate suppon means (10) for receiving and supporting a bottom plate (1) of a 
car body, 

attachment means (9) for clamping the bottom plate (1) on the bottom plate support 
means (10), 

attaching means for preassembly said separate body components relative to the bottom 
plate and/or relative to each other so that the external shape of the car body is achieved, 

support means formed by a plurality of separate support elements arranged to be 
movable by a robot or similar apparatus and clamped to each other to form a support 
means net (11) for supporting the preassembled car body such that each of the support 
elements (12,13,14,15,16) forming said support means net (11) is clamped either to at 
least two other support elements and to said bottom plate support means (10) or to at least 
three other support elements by means of locking unit means (30) provided in the support 
elements, and 

gripping means (18) for removably holding at least a part of the body comi>onents by 
the support means net (11). 
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22. An apparatus according to claim 21, c h a r a c t e r i z e d in that said locking unit 
means (30) comprises a male portion (32) attached to one support element (12; 14) and a 
female portion (34) attached to a mating support element (13; IS), and means (35) for 
accurately locking said male portion into said female portion, wherein said locking is 
actuated by means of hydraulic or pneumatic or mechanical or electrical drive means 
(35,36) arranged to provide an automatic locking in response to a control signal. 

23. An apparams according to claim 22, characterized in that said locking unit 
(30) comprises an automatic machine tool holder. 

24. An apparatus accordmg to claims 21to23, characterizedin that the support 
elements (12,13,14,15,16) are made from light metal material or light alloy material, such 
as aluminium, or from a composite or reinforced composite material, such as carbon fibre 
or fiberglass. 

25. An apparatus, according to claims 21 to 24, c h a r a c t e r i z e d in that the support 
elements (12,13,14,15,16) are at least partially constructed to form a lattice structure or 
similar reinforced light weighted structure. 
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